The rotational Zeeman effect of low J rotational transitions (J f^ 3) has been investigated for Thiazole and Isothiazole. The measured susceptibilities are compared to those calculated within the model of localized (atomic) susceptibilities, and nonlocal contributions to the susceptibility component perpendicular to the ring are obtained. These nonlocal susceptibilities, if compared to those of a set of related compounds appear to correlate to the "aromatic character" as determined by chemical reactivity. Five or six membered rings with x±nonloca] < -30-10 -6 erg/G 2 mol show "aromatic reactions" while molecules with -20-10~6 erg/G 2 < /^nonlocal show "olefinic reactions".
Introduction
In general aromatic molecules are assumed to be characterized by a ringsystem containing 4 n + 2 more or less delocalized .i-electrons [1] . Despite this appearently well defined basic property of aromatic molecules, it is not easy to define aromaticity in a unique way in terms of measurable physical or chemical quantities [2] , One method proposed to "measure" aromaticity is to investigate the diamagnetic susceptibility perpendicular to the ring whose nonlocal contribution is related to the nonlocal (molecular) diamagnetic ring current and thus -at least intuitively -to the delocalisation of the .T-system [3] . In principle the nonlocal susceptibility should be extractable from NMR-shielding/deshielding data, but strong local contributions may considerably complicate the analysis [4] . In the case of rotational Zeeman spectroscopy, where the molecular susceptibility anisotropics of free molecules are measured directly, such complications do not arise.
In the following we report the results of a rotational Zeeman effect study for Thiazole and Isothiazole which closes a gap in the system of five membered rings studied so far [5] . This enables us to give a better judgement of the use of the nonlocal susceptibility perpendicular to the ring [6] as a measure for "aromaticity". Details of the spectrometer may be found in Ref.
[5 b] and [7] . Under typical recording conditions sample pressures were about 5 m Torr (7-10 -6 Pascal) and cell temperatures were about -50 °C.
At these conditions zero field linewidths (half width at half height) of 80 to 100 kHz were obtained and 
Analysis of the Spectra
The molecular parameters for the Thiazoles were determined in a two step procedure. In the first step the rotational constants and 14 N nuclear quadrupole coupling constants were fitted to the zero field spectra (Tables 1 and 2 ). Since only rotational transitions with / 3 were used, centrifugal distortions proved negligible and the spectra could be 0340-4811 1 08 / 0700-0712 $ 01.00/0. -Please order a reprint rather than making your own copy. Table 1 . Observed and deviations to calculated frequencies of rotational transitions of Thiazole and Isothiazole. The calculated frequencies were determined by using the model of the rigid rotor. The observed frequencies are averages of the measured hyperfine transition frequencies corrected by the calculated hyperfine splitting (using the constants of Table 4) . Tables 2 and 3 the two zeros trailing the decimal point have no meaning. Experimental satellite frequency uncertainties are ± 5 kHz for well resolved lines and ± 10 kHz to ± 20 kHz for peak frequencies originating from overlapping lines. The calculated frequencies have been rounded to the next full kHz value.
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1io->2H Table 2b . Observed and calculated frequencies of some hyperfine transitions of Isothiazole used for fitting the nuclear quadrupole coupling constants (s. Table  4 ). If overlapping of lines occurs the intensity weighted averages of the calculated frequencies are given.
fitted to the standard rigid rotor energy expression [8] . Only the quadrupole coupling matrix elements diagonal in J (and /) are included in this energy expression. This approximation holds very good in the case of the weakly coupled 14 N nucleus. It is however insufficient to reproduce the microwave spectra of molecules containing strongly coupled nuclei such as for instance 81 Br.
In the second step the molecular g-values and susceptibility anisotropics were fitted to the highfield Zeeman hyperfine patterns (Tables 3 a and  3 b) . For this fit the rotational constants and quadrupole coupling constants were kept fixed to their values derived from the zero field spectra (Table 4) . Again hyperfine-(and Zeeman-)matrix elements off diagonal in the rotational quantum numbers J and K_ K+ were neglected. For each rotational state the corresponding MjMi submatrix w r as set up in the uncoupled basis J,K_ K+ ,A/j> /, A//> [9] and sufficiently accurate sublevel energies were calculated by second order perturbation theory. This considerably simplifies the least squares procedure. A posteriori the validity of this second order perturbation treatment was checked by diagonalizing the submatrices for each rotational state numerically. The Zeeman-hyperfine-splittings Table 3 a. Observed and calculated frequency splittings of some Zeeman-hyperfine-satellites of Thiazole with respect to the corresponding hypothetical rigid rotor frequencies. The given splittings were used to fit the Zeeman parameters (see Table 5 ). Since the magnetic field effectively uncouples overall and spin angular momentum, Mj and Mi rather than Mp and F are the appropriate quantum numbers to label the rotational states with AMi = 0 as selection rule for the 14 within one zerofield halfwidth, the observed peak frequency was assumed to be sufficiently well reproduced by the intensity weighted average frequency of the constituent satellites (compare Ref.
[10] for a detailed discussion of the analysis of unresolved lines). The diagonal elements of the molecular g-tensor and the anisotropies of the magnetic susceptibility tensor obtained by the least squares fit to the splittings are given in Table 5 .
Also listed in Table 5 are the molecular electric quadrupole moments, the individual components of the diagonal elements of the susceptibility tensor, and the ground state expectation values for the sums of the squares of the electron coordinates, all referred to the principial axis systems of the moment of inertia tensor (center of mass system). To Fig. 1 were used. To calculate the individual components of the susceptibilities the liquid phase bulk susceptibility of Thiazole [11] was used as additional information. Since liquid phase and gasphase susceptibilities may differ, we increased the uncertainty limits of the bulk value to i 2 * 10~6 erg/G 2 mol for Thiazole and to ±3-10" 6 erg/G 2 mol for Isothiazole as compared to + 0.5 • 1CT 6 erg/G 2 mol which to our experience is a typical experimental uncertainty for a liquid phase bulk susceptibility determination using the Faraday method [12] or an NMR technique [13] . For a discussion of the implicit neglect of molecular vibra- 
Local and Nonlocal Susceptibilities
Pascal [14] was the first to introduce the concept of local susceptibilities to calculate bulk susceptibilities from atomic increments. When the more detailed information obtained from rotational Zeeman effect measurements on free molecules became available, Benson and Flygare [15] developed a scheme to calculate the individual components of the molecular susceptibility tensors from atomic tensors as building blocks [16] . The orientation of the atomic susceptibility tensors with respect to the molecular frame is determined by the orientation of the bond directions and a rough allowance for the special bonding situation of the atom under consideration is made by assigning different atomic susceptibility tensors to say sp 2 -and sp 3 -hybridized carbon atoms etc. Since the first table of local Table 5 . Molecular quantities derived from the experimental data given in Tables 3, the While the given structure of Thiazole is a restructure, determined by the substituation method from the rotational constants of an extensive set of isotopes [19] , the given structure for Isothiazole is only an estimated structure, based on the discussion given in Ref. [20] and in accordance with the observed rotational constants ( In Table 6 we give that part of our present list of local susceptibilities which was used for the subsequent discussion. As already shown in the earlier publications, the model of local susceptibilities described above appears indeed well suited to predict the molecular susceptibility tensor in molecules with localized bonds. It is also well suited to predict the al.
• The Rotational Zeeman Effect of Thiazole and Isothiazole 720 Table 6 . Increments of the local atomicmagne tic susceptibility components used for the calculations of ;(iocal (see Table 7 ). The increments are given in units of IQ-6 erg/G 2 mol. In an attempt to get a deeper understanding of ^nonlocal we have also carried out CNDO calculations. Although the quality of the CNDO-approach may be questionable for molecules with highly delocalized orbitals it may be interesting to note that in each of the closely related pairs Thiazole/ Isothiazole; Oxazole/Isoxazole and 1,2-Defluorobenzene/l,3-Difluorobenzene the partner with the less negative ^j_ nonIocal also turns out to be the one which shows the higher "CNDO-polarity" in the ring. By "CNDO-polarity" we mean the sum of the absolute values of the excess CNDO atomic charges of the ring atoms. In other words, the more the CNDO-calculation indicates that certain atoms tend to attract, others to give off electrons, the smaller is the value of the negative nonlocal susceptibility. 
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